Human umbilical vein endothelial cell (HUVEC) 
INTRODUCTION
Endothelial cell is crucial in the development of blood and lymphatic vessels. This cell produces inflammatory regulatory molecules and regulate vascular homeostasis. In vitro endothelial study is beneficial in order to understand the biology and physiology of blood and lymphatic vessels. Depending on the origin, endothelial cells play significant role in angiogenesis and lymphangiogenesis, hence, this cell model is valuable in research involving drugs development and disease diagnosis.
Endothelial cells can be isolated from the capillaries, arterioles, venules and lymphatics. They are many types of endothelial cell models including human umbilical vein endothelial cells (HUVEC), human aortic endothelial cells (HAEC), human coronary artery endothelial cells (HCAEC), human dermal microvascular endothelial cells (HDMEC) and human pulmonary artery endothelial cells (HPAEC). Of these, HUVEC is widely used as endothelial cell model because of their robustness and data reproducibility. However, despite its usefulness as a model system, there are few issues of commercial HUVEC. The different origin of vascular bed used during isolation of HUVEC would contribute to molecular heterogeneity especially if the umbilical cords are from multidonor origin (Hughes 1996) . The heterogeneous population of HUVEC would expressed varied markers and exhibited differences in term of the proliferative capacity and the angiogenic process (Zhenga et al. 2014) . Besides that, HUVEC derived from different origins may display inter-batch variability in their physiology and function. Variation in experimental results may also be observed even from the same donor. Different passage numbers often shows varying proliferation rates (Heng et al. 2011) .
In addition, commercial HUVEC, commonly derived from the white American, European and Caucasion women have different molecular characteristic from Asian women. It was shown that HUVEC isolated from the African American is distinct in term of oxidative stress level molecules and the expression of biomarkers compared to HUVEC from Caucasion women (Feairheller et al. 2011) . Nitric oxide and oxygen free radicals between Black Americans and White Americans also showed significant differences (Ugusman et al. 2014) . Therefore, commercial HUVEC is not a good model to be used if the population under study is from other origins such as the Asia, in particular Malaysia.
The main objective of this study was to isolate and optimize the culture condition of HUVEC obtained from general Malaysian population after childbirth. This is important in light of HUVEC application in research settings in Malaysia and Asia. HUVEC from the same population as the sampel population is required to produce results reflective of the population under studied.
MATERIALS AND METHODS

UMBILICAL CORD SAMPLES
About 10 to 15 inches of umbilical cords was taken from seven women post-labor at the Obstetric and Gynaecological Department, Hospital Universiti Sains Malaysia. Ethical approval was granted by the Human Research Ethics Committee, Universiti Sains Malaysia (USM/JEPeM/1404151). The patients involved were free from chronic diseases including gestational diabetes, HIV and hepatitis. The age of these patients range from 24 to 43 years from different ethnic populations.
ENDOTHELIAL CELLS ISOLATION FROM UMBILICAL CORDS
Endothelial cells were isolated from human umbilical cord using enzyme digestion technique. The sample processing was carried out within 24 h after collection. Antiseptic solution was used to wipe the outer surface of the cord to remove the excess blood and debris. Then, the cord was squeezed slightly to remove any clots forming inside the vein. In order to ensure maximum sterility, 2 cm of the cord from both ends was cut-off. The umbilical vein was washed with RPMI medium containing 1% penicillin streptomycin to remove excess blood and debris using a 20 mL syringe inserted into the cord. Next, 0.1% of type I collagenase was added into the vein where it was incubated at 37°C. The incubation time was optimized in three conditions including 30 min, 40 min and overnight incubation for different cords. After that, the vein was washed with 20 mL of HUVEC media into a universal to stop the proteolytic activity of the collagenase solution and centrifuged at 1500 rpm for 5 min. The resultant pellet was resuspended in 5 mL of HUVEC medium and plated in a T25 tissue culture flask. Cells were incubated overnight and the media was changed the next day to remove cells debris. HUVEC was maintained in complete M199 media. The procedure of isolation was repeated by using 0.25% trypsin as digestion reagent.
THE INFLUENCE OF GELATIN ON THE GROWTH OF HUVEC
It was reported that HUVEC needs a coating medium for optimal adhesion and growth. Therefore, this steps were carried out to determine the influence of non-coated and gelatin-coated surfaces on the rate of cell growth. 0.5×10 4 cells per mL of HUVEC was cultured in a 12 well plate under 4 conditions: non-coated plate; 0.2% gelatin-coated; 2% gelatin coated; and 20% gelatin coated. After 24 h incubation, the HUVEC cell was trypsinized and counted with a haemocytometer using trypan blue exclusion assay. This assay is based on the principle that viable cells possess an intact cell membrane which does not take up the blue dye. Dead cells will take up the dye as their membrane can no longer control the passage of macromolecules. Procedures as above were repeated at 48, 72 and 96 h time point.
THE INFLUENCE OF SERUM ON THE GROWTH OF HUVEC
Serum is usually needed as it provides growth factor that help in cell growth. This steps were carried out to determine the optimal serum concentration on the growth of HUVEC. 0.5×10 4 HUVEC per mL was cultured in a 12 well plate under 4 different conditions based on the percentages of heat-inactivated fetal calf serum (HI-FCS) in the media which are: basal media; 2% HI-FCS; 5% HI-FCS; and 10% HI-FCS. After 24 h incubation, the HUVEC cell was trypsinized and counted with a haemocytometer using trypan blue exclusion assay. Procedures as above were repeated at 48, 72 and 96 h time point. 
DISCUSSION
Endothelial cells have been widely used to study the vasculature and diseases associated with haemodynamic disturbances. However, endothelial cells exhibited large degrees of heterogeneity between donor and handling protocols (Gifford et al. 2004 ). These contribute to the variation of results and decrease the robutness of data. In addition, commercial endothelial cells derived from the European and American population differs in term of molecular characteristics and non-reflective of the population under study (Karasarides & Chi 2007) . Therefore, the aim of this study was to isolate human endothelial cells isolated from the umbilical cord (HUVEC) collected among Malaysian population and to optimized the culture conditions of HUVEC. The enzymatic digestion technique used in this study was modified from Siow (2012) , but the protocol did not specifically stated the incubation period for collagenase to digest endothelial cells from the umbilical vein. Trypsin-EDTA used in this study is too harsh for the cells. This is in accordance with other study showing that trypsin incubation for 10 min in 37°C reduced cell viability and caused cellular death (Brown et al. 2007 ). The result from this study shows that 40 min incubation time with collagenase is the optimal digestion time to isolate endothelial cells compared to other time point.
In this study, 0.2% gelatin coated flask showed the highest proliferative capability compared to non-coated, 2% and 20% gelatin-coated flask. According to this result, coating matrix are able to help in maintaining primary cell growth. The interaction of growth factor and regulators with extracellular matrix could improve cell behavior (Chennazhy & Krishnan 2005) . However, in high serum condition, HUVEC are not dependent on an ECM for attachment and proliferation. The high-serum media provide sufficient adhesive factors, such as fibronectin and vitronectin to aid in cell attachment (Young et al. 2005) . This is in line with previous study showing that the present of gelatin cause cellular propagation but the cell still also grow on raw plastic albeit slower (Feugier et al. 2005; Sipehia et al. 1996) . With regards to the percentage of HI-FCS in the media, HUVEC cell proliferation shows significant increase when cultured in 10% HI-FCS compared to other concentrations. Previous study using macrovascular cells also showed that cell growth is dependent on factors present in serum (Terramani et al. 2000) and that optimal serum concentration is needed to ensure healthy cells (Siow 2012) . In addition, this study also evaluated the influence of different media supplements on the viability and proliferation of HUVEC. The results show that 0.75 U/mL heparin, 10 mM L-glutamine and 5 ng/mL EGF is a crucial factors to be added to HUVEC media in order to maintain optimal cell proliferation. Heparin acts as stabilizers of other growth factors with the release of heparin-binding factor. L-glutamine was also important in primary cell culture as it replaced the non-essential amino acids as energy source. In addition, EGF is a crucial factors to be added to HUVEC media without which, the endothelial cells will cease growing and this result is supported by other studies (Terramani et al. 2000) .
The function of hydrocortisone in HUVEC media is not as crucial as heparin, L-glutamine and EGF as HUVEC shows normal proliferation rate compared to control up to 72 h time point. Hydrocortisone is involved in regulating the proliferation and differentiation of cells. Mouse epidermal cells show normal growth rate when culture in serum free media supplemented with hydrocortisone (Hirobe et al. 2004) . Clearly in this this study, serum in the HUVEC media has replaced the function of hydrocortisone up to 72 h post plating. Interestingly, HUVEC grown in media lacking EnGS, which is the commercially available growth suplement shows steady proliferative rate combarable to HUVEC grown in complete media. Clearly, with this observation, the addition of EnGS has no significant advantage in term of cell proliferative capacity of HUVEC. This is very important in light of the cost required to purchase commercially made EnGS factors. We hypothesized that the addition of serum in HUVEC media coupled with EGF is able to sustain optimal growth rate of HUVEC (Siow 2012) .
CONCLUSION
This study suggested that the optimal conditions for endothelial cells proliferation require a balance of necessary components for cellular proliferation. It is essential to optimize cell culture condition for each type of experiment and to use as long as possible identical batch reagents and media. In addition, further study is required to investigate the yield of cells based on length and types of cord. Molecular studies need to be carried out to identify the similarities and differences among cords from different individuals and populations.
